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Effect of Exercise on Acute Myocardial Infarction in Rats 
JUDITH S. HOCHMAN, MD, FACC, BERNADINE HEALY, MD, FACC 
Baltimore, Maryland 
Infarct expansion, the time-related thinning and dilation 
of an acute transmural infarct, leads to aneurysm for•
mation and cardiac rupture in humans. In this study, 
the effect of exercise on acute infarct expansion early 
after myocardial infarction was examined in 129 rats. 
Ninety rats were exercised on a treadmill for 1.5 hours 
daily for 1 week beginning on the day of coronary artery 
ligation; the remaining 39 rats remained in their cages. 
There was no effect on the prevalence or extent of ex•
pansion; specifically, infarct wall thickness, left ventric•
ular diameter and expansion grade (0 to 4 + ) were sim•
ilar in the exercise and control rats. There was no 
difference in infarct size or the number of animals with 
The treatment of patients with coronary artery disease has 
changed dramatically from the traditional program of pro•
longed bed rest for patients after myocardial infarction to 
the current trend toward early ambulation, rehabilitation 
exercise programs and early exercise testing before hospital 
discharge. The conservative treatment of the past was based 
on retrospective autopsy series showing increased incidence 
of aneurysm formation and rupture in ambulatory patients 
(1-3), increased incidence of arrhythmias and experimental 
evidence in dogs of aneurysm formation with exercise (4). 
This latter study, however, included only five exercised 
dogs, and a subsequent study failed to demonstrate aneu•
rysm formation in exercised dogs (5). 
Recent studies have shown no change in mortality of 
patients after infarction who have undergone supervised low 
level activity (6-9) and no increase in mortality with early 
exercise testing (10,11). However, the safety of exercise 
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aneurysmal shape changes in the exercise and control 
groups. There was no significant difference between the 
two groups in the histologic finding of intramural hem•
orrhage, a feature that has been associated with cardiac 
rupture, and no complete rupture was seen. However, 
there was a nonsignificant trend toward higher mortality 
in the exercised group. 
Thus, the findings of this study suggest that moderate 
exercise early after myocardial infarction produces no 
significant detrimental effect on infarct size or left ven•
tricular topography in the rat model. 
(J Am Coli CardioI1986;7:126-32) 
after infarction is controversial and the effect of exercise on 
alterations in shape of the left ventricle that occur e~rly after 
infarction, such as acute infarct expansion and aneurysmal 
dilation, have not been examined. To study this, we used 
a rat model of myocardial infarction known to produce ex•
tensive transmural myocardial infarction with an incidence 
of infarct expansion and aneurysm formation that is similar 
to that of humans (12-14) with transmural infarction. 
Methods 
Infarct model. Infarction was produced by left coronary 
artery ligation in female Sprague-Dawley rats weighing 200 
to 300 g by a modification of previously described methods 
(12,15,16). The rats were anesthetized with 35 mg/kg body 
weight methohexital sodium (Brevitol) administered intra•
peritoneally. A left thoracotomy was performed in the fifth 
or sixth intercostal space. Intermittent positive pressure ven•
tilation with 95% oxygen and 5% carbon dioxide was ac•
complished. A pericardiotomy was performed and the left 
main coronary artery was occluded by snaring and tying a 
band of myocardium within 2 to 3 mm to the left of the 
aorta and ligating it with 5-0 silk sutures. Because the left 
main coronary artery is an intramyocardial structure (15), 
the snared myocardium did not always include a coronary 
artery. Those animals in which ligation was unsuccessful 
were used as controls. The chest was closed with a 4-0 silk 
purse-string suture and 100,00{) U of benzathine penicillin 
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(Bicillin) was administered intramuscularly. The animals 
were awake within 5 to 30 minutes after operation. 
Study protocol. Animals were randomized after oper•
ation to an exercise group and an unexercised control group. 
One group was exercised daily for 1 week on a rodent 
treadmill according to a modification of previous protocols 
(17,18). These animals were exercised beginning on the day 
of coronary ligation for 60 minutes at 0.4 mph and a 0° 
incline. On subsequent days, they were exercised for 60 
minutes in the morning and 30 minutes in the afternoon at 
0.6 mph and a 10° elevation. We determined that for these 
postoperative rats with a ligated coronary artery, this was 
the maximal exercise at which the majority would stay on 
the treadmill. Included in both groups were rats that sub•
sequently were shown not to have an infarct, and they served 
as controls without an infarct for each experimental group. 
Postmortem heart preparation. Rats were maintained 
on standard rat chow and were killed at 1 week, after in•
traperitoneal heparinization, by anesthesia with methohex•
ital and excision and submersion of the beating heart in cold 
30 mM potassium chloride to achieve diastolic arrest. Fail•
ure to arrest the heart in a specific phase of the cardiac cycle 
results in uncontrolled changes in topography, that is, the 
wall thickness to cavity size ratio. 
To preserve ventricular shape after fixation, a warm liq•
uid gel (composed of gelatin, octanol and ethylene glycol) 
was injected into the left and right ventricles through the 
atrioventricular valves after removal of the atria. The hearts 
were then immersed in cold 20% formalin to solidify the 
gel rapidly and were fixed in 20% formalin for at least 24 
hours. The fixed hearts were sliced transversely, parallel to 
the atrioventricular groove, in 2 mm sections from apex to 
base and prepared for histologic study; hematoxylin-eosin 
stains were made of all sections. 
Data analysis. All histologic slides were reviewed for 
the transmural extent of necrosis, polymorphonuclear re•
sponse, resorption of dead myocardial cells, presence of 
Figure 1. Left ventricular diameter is measured at the point of 
maximal cavity dilation perpendicular to the septum. The infarct 
zone is indicated by the stippled area. 
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granulation and scar tissue. Infarct size data were analyzed 
using two formulas. The histologic sections were projected 
on a sheet of paper at lOx magnification, and infarcted and 
noninfarcted left ventricular areas were traced. The areas 
of the traced images were determined by planimetry using 
a digitizing computer program (Hewlett-Packard 98 lOA cal•
culator with a 9864A digitizer). The mass of infarcted and 
noninfarcted myocardium was obtained by mUltiplying cross•
sectional area by slice thickness; the value was expressed 
per kilogram of body weight. Body weight was similar in 
all groups and did not change significantly before and after 
exercise. 
The following two formulas were used to calculate infarct 
size in all animals,' 
Formula 1: 
100% x (1 _ Noninfarcted LV mass/kg body wt) and 
Control* LV mass/kg body wt ' 
Formula 2: 
100% x (
Infarcted L V mass ) 
Infarcted and noninfarcted LV mass ' 
where LV = left ventricular and wt = weight. Fourteen 
rats without an infarct in the exercise group (see later) were 
used to establish norms of left ventricular mass for the 
exercise group. Four rats without an infarct in the unexer•
cised group (see later) and 20 rats from a previous series 
were used to establish norms for the unexercised group. 
Hearts were included in the control* (no infarct) group if 
they had no necrosis or only minimal epicardial necrosis at 
the suture site. 
Left ventricular diameter measurements were made at 
the point of maximal dilation perpendicular to the septum 
in each slice (Fig. 1) as previously described (13), and 
normal values were established for the 14 exercised and 20 
unexercised rats without an infarct. The percent change from 
control left ventricular diameter was calculated for each 
section in all experimental animals, and the slice with the 
largest percent increase was used for each animal in the 
analysis. The final apical slice was excluded, because the 
control left ventricular diameter was so small and variable 
that percent changes were markedly exaggerated. Infarcted 
free left ventricular wall thickness was measured at the 
thinnest representative point in one mid-left ventricular slice, 
and septal thickness was measured in the same slice. The 
degree of infarct expansion also was graded by a method 
previously described (12): 0 = none; 1 + = mild thinning; 
2 + = mild thinning and dilation; 3 + = moderate thinning 
and dilation; and 4 + = marked thinning and dilation. In•
terobserver variation did not exceed one expansion grade 
and was 95% concordant. 
* In this formula. control left ventncular mass represents the left ven•
trIcular mass of rats that had no myocardIal infarct. 
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Statistical analysis. Infarct size, left ventricular free wall 
and septal thickness and percent increase in left ventricular 
diameter were compared using the unpaired Student's t test. 
Regression analysis was used to assess left ventricular in•
farcted wall thickness to infarct size ratio for both groups, 
and the exercise and unexercised control group slopes and 
intercepts were compared. 
The distribution of grades of expansion for small, mod•
erate, large and all infarcts were compared using chi-square 
analysis. Mortality data and prevalence of specific histologic 
findings in the control and exercise groups were compared 
using chi-square analysis. 
Results 
Study groups. One hundred ninety-three rats underwent 
attempted coronary artery ligation. The operative mortality 
rate was 6%. Twenty-three rats developed infection at the 
suture site, resulting in purulent epicarditis with or without 
abscess formation, and were excluded from the analysis. 
Eighteen rats were found at sacrifice to have no infarct 
(unsuccessful coronary ligation): 14 in the exercise group 
and 4 in the control group. Ninety-nine rats with an infarct 
were exercised and 41 rats with an infarct were not exercised 
and served as controls. Nine exercise rats (9%) died, four 
of them less than 24 hours after infarction and five (5%) 
later than 24 hours. Two control rats (5%) died, both less 
than 24 hours after infarction (p = NS). Of the five exer•
cised animals that died later than 1 day after infarction, 
three died on the treadmill, two with a large transmural 
infarction and one with diffuse contraction band necrosis. 
Morphologic observations. Of the 39 control rats, 2 
(5%) had an infarct that was nontransmural, compared with 
~igure 2. Myocardial infarct (7 days) in an exercised rat showing 
Intramural hemorrhage (arrows) and necrotic myocardial fibers 
(M) surrounded by granulation tissue. This infarct is 2 + expanded. 
(Hematoxylin-eosin stain: original magnification x 40; reduced 
by 50%.) 
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Table 1. Infarct Size (% left ventncle) 
Control Group ExercIse Group p Value 
Calculated by formula 1 25.1 ± 3.9 22.4 ± 2 3 NS 
Calculated by formula 2 25.2 ± 1.8 21.6 ± I I NS 
P Value NS NS 
Values are expressed as mean values ± SEM. 
5 (6%) of 90 in the exercise group (p = NS). At Day 7 all 
infarcts had central necrotic fibers surrounded by granulation 
tissue. Histologic infarct extension was present in 8 (9%) 
of the 90 exercised rats and I (3%) of the 39 control rats. 
These differences were not significant although there was a 
trend toward more extension in the exercised groups. Ex•
tension was characterized by contraction band necrosis at 
the margin of the infarct that appeared younger than the age 
of the infarct. 
Intramural hemorrhage was seen in 22 (24%) of the 90 
exercised rats and 8 (21 %) of the 39 control animals (Fig. 
2). Two animals in the exercise group had histologic findings 
Figure 3. Distribution of expansion grades (0 to 4 + ) for control 
(top) and exercise (bottom) group rats. Number within each bar 
indicates number of animals with that expansion grade. 
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consistent with "prerupture," or striking fiber splits with 
intramural hemorrhage. No animal sustained cardiac rupture. 
Infarct size (Table 1). Infarct sizes calculated by mea•
suring infarcted mass as a percent of left ventricular mass, 
or residual myocardium as a percent of control (hearts with 
no infarct) left ventricular mass were the same, suggesting 
that neither the net tissue resorbed nor residual myocardial 
hypertrophy was significant enough to affect the calcula•
tions. If there was tissue resorption exactly proportional to 
hypertrophy of uninfarcted myocardium, the two methods 
of infarct size calculations would fortuitously produce the 
same values. The infarct size derived from the former method 
was used in the subsequent analyses. Mean infarct size was 
the same in the control and exercised animals, showing that 
there was appropriate randomization. that quantitatively a 
significant amount of infarct extension did not occur and 
that exercise in itself did not affect infarct size. However. 
if there was a truly larger infarct size in the exercise group 
and a proportional amount of hypertrophy of uninfarcted 
myocardium, the two would cancel each other out and in•
farct size would appear the same. 
Infarct expansion. The distribution of degrees of ex•
pansion in the control and exercise groups is shown in Figure 
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3. There was no difference in the percentage of hearts show•
ing expansion (67% of exercise group versus 72% of control 
group), and there was no difference in the extent to which 
the infarcts expanded (0 to 4 + ). Exercise and control 
subgroups also were classified according to infarct size: 
small = 10% or less of the left ventricle, medium = 10 
to 25% of the left ventricle and large = 25% or more of 
the left ventricle. There was no difference between the ex•
ercise and unexercised groups in the prevalence or extent 
of expansion in any subgroup (Fig. 4). 
Mean infarcted wall thickness of control rats was 0.9 ± 
0.5 versus 1.1 ± 0.6 mm of exercised rats (p = NS). Mean 
percent increase in left ventricular diameter was 28 ± 28% 
for control rats versus 19 ± 21 % for exercised rats (p = 
NS). There was a small but statistically significant difference 
between noninfarcted septal wall thickness in the control 
group (1.7 ± 0.5 mm) and the exercise group (2.0 ± 0.5 
mm) (F = 1.07, P < 0.001), possibly representing some 
hypertrophy of residual uninfarcted myocardium in the latter. 
Because the degree of expansion is related to infarct size 
( 12). we plotted a regression line for infarcted wall thickness 
in the exercise and control groups as a function of infarct 
size (Fig. 5). There was no significant difference between 
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these two regressions. For each there was a significant cor•
relation between infarcted wall thickness and infarct size 
(exercise group, r :::: 0.48, p < 0.001; control group, r :::: 
0.34, p < 0.05). 
Discussion 
Effect of exercise after infarction. Acute infarct ex•
pansion has been shown to lead to an increase in functional 
infarct size, overall cardiac dilation, aneurysm formation 
and cardiac rupture (13,14,19,20). Insofar as exercise in•
creases heart rate, contractility (21) and wall stress, we 
sought to determine whether moderate exercise early after 
infarction might aggravate the regional dilation and thinning 
of the infarct zone that characterize expansion. Accord•
ingly. we subjected rats to 1.5 hours of exercise daily on a 
treadmill for the first week after infarction. The findings 
demonstrated no difference in infarct size or in the preva•
lence or degree of infarct expansion or aneurysmal shape 
changes at 1 week after infarction. We assessed the effect 
of exercise on the extent of expansion, infarct wall thickness 
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and changes in left ventricular diameter. As extent of infarct 
expansion is related positively to infarct size (12), we com•
pared the relation of thickness of the infarcted wall (an index 
of expansion) and the distribution of expansion grades for 
exercised and unexercised animals as a function of infarct 
size, and still none of these variables were different between 
the two study groups. In addition. exercise did not increase 
infarct size. 
No hearts ruptured and the two groups had a similar 
incidence of intramural hemorrhage. a histologic finding that 
may be associated with infarct rupture (1,22). Two hearts 
in the exercise group did have marked fiber splitting, sep•
arated by pools of blood suggesting partial rupture. There 
was a trend toward higher mortality in the exercise group, 
with 5 of the 94 exercised rats dying between days 1 and 
7, and none of the unexercised rats dying during this period. 
Of note, three animals died during exercise while using the 
treadmill. The number of deaths, however, was small and 
not significantly different in the exercise and control groups 
and the mechanism of death unclear. Although 140 animals 
were studied, the mortality was low. It is possible that with 
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larger numbers of animals the difference in mortality might 
reach statistical significance; therefore, it cannot be conclu•
sively stated that early exercise does not increase mortality 
after myocardial infarction, 
Comparison with previous studies. Previous animal 
studies on the effect of exercise on left ventricular shape 
have shown conflicting results. Sutton and Davis (4), using 
treadmill exercising of dogs, showed that an aneurysm only 
formed in animals not given a rest period between coronary 
ligation and exercise. However, in their study only five dogs 
were exercised and there were no control dogs. Thompson 
et al. (5) showed no effect of treadmill exercise on aneurysm 
formation in dogs. One must be aware, however, that dog 
infarcts produced by simple coronary ligation are exten•
sively nontransmural and have a low rate of aneurysm for•
mation (23), whereas rat infarcts expand and form aneu•
rysms spontaneously (13). In another study (24,25) that used 
swimming exercise, exercised rats were shown to have thin•
ner infarcted walls than those of the control animals, sug•
gesting greater infarct expansion. The difference observed 
in our study may be related to differences in the severity, 
type or timing of exercise after infarction. Treadmill ex•
ercise and swimming also impose different forms of car•
diovascular stress. Ordinarily. swimming rats periodically 
sink to the bottom and struggle up to resume swimming in 
response to hypoxia, imposing both a hypoxic and psycho•
logical stress as well as a major catechol stimulation on the 
heart. A greater depletion of creatine kinase (CK) from 
myocardium has been demonstrated (26) in rats confined to 
small cages, suggesting an important role of stress in infarct 
size. That study. using treadmill exercise, showed that mild 
exercise had no effect on CK depletion. but that moderate 
exercise (similar intensity but shorter in duration than this 
protocol) was associated with greater CK depletion. 
We chose to begin exercise on the same day as the coro•
nary ligation because previous studies have shown that ex•
pansion begins at that time (12) and that most infarcts that 
will expand have done so within the first 24 hours. The 
prevalence and severity of expansion and aneurysmal di•
lation has also been shown to reach a plateau by Days 5 to 
7 (12,13) and, therefore, Day 7 was chosen to examine the 
hearts. 
Implications. It is possible that we did not observe an 
effect of exercise on infarct expansion because the rats were 
subjected to only moderate exercise. By design, however. 
the animals were untrained and unaccustomed to exercise. 
In addition, they had undergone coronary ligation through 
a thoracotomy under general anesthesia on the first day of 
exercise. The level of exercise chosen was based on the 
observation that the majority of rats could not tolerate faster 
speeds (that is, they exhibited respiratory distress or refused 
to run). Our protocol was similar to the level of exercise 
employed in rat training protocols (17,18,21). Therefore, 
because the level of exercise could be viewed as modest at 
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the least, our findings suggest that moderate degrees of 
exercise after infarction have no effect on acute infarct ex•
pansion, aneurysmal dilation or infarct size. It should be 
noted that this infarct model is one of single vessel disease; 
caution should be exercised in applying the results from a 
rat model of single vessel coronary disease to human beings, 
who often have multi vessel disease. 
It is encouraging that we did not observe significant left 
ventricular shape changes in exercised rats with infarcts. 
This study supports the observation that moderate exercise 
early after myocardial infarction is safe with regard to infarct 
size and cardiac shape, but further investigation is needed 
to clarify the effect of activity on cardiac rupture and on 
alterations in left ventricular function and arrhythmias, par•
ticularly before applying these and other similar animal data 
to humans. 
We gratefully acknowledge the expert technical assistance of Barbara 
D' AmiCO. Linda Mader and Terry Lee, the secretarial assistance of Pamela 
Hill and the statistical advice of Conme Moreadith, MS. 
References 
I. Jetter WW, White PD, Rupture of the heart in patients in mental 
mstitutions. Ann Intern Med 1944;21 :783-802. 
2. Wessler S, Zoll PM, Schlesinger MJ. The pathogenesis of spontaneous 
cardiac rupture. Circulation 1944;51 :334-51. 
3 Schlichter J, Hellerstein HK, Katz LN. Aneurysm of the heart: a 
correlalive study of one hundred and two proved cases. Medicine 
(Baltimore) 1954;33:43-86. 
4. Sutton DC, Davis MD. Effects of exercise on experimental cardiac 
mfarction. Arch Intern Med 1931:48:1118-25. 
5 Thompson PL, Jenzer HR. Lown B, Lohrbauer LA. Exercise during 
acute myocardial infarction: an experimental study. Cardiovasc Res 
1973;7:642-8. 
6. Hutter AM Jr, Sidel VW. Shine KI, DeSanctis RW. Early hospilal 
discharge after myocardial infarction. N Engl J Med 1973;288:1141-4. 
7 Bloch A. Maeder lP, Halssly lC, Felix 1, Blackburn H. Early mo•
bilization after myocardial infarctIOn' a controlled study. Am J Cardiol 
1974;34: 152-7 
8. Sivarajan ES. Bruce RA, Almes Ml. et al. In-hospital exercise after 
myocardial mfarctlOn does not improve treadmill performance. N Engl 
1 Med 1981 ;305:357-62. 
9. Haskell WL. Physical aClivity after myocardial infarction. Am J Car•
diol 1974;33'776-83. 
10 DeBusk RF. Haskell W. Symptom-limited vs heart-rate-limited ex•
ercise testing soon after myocardial infarction. Circulation 
1980;61:738-43. 
II Ha,kell WL. DeBusk R. Cardiovascular responses to repeated tread•
mill exercise testmg ,oon after myocardial infarction. CirculatIOn 
1979;60: 1247-51. 
12 Hochman lS. Bulkley BH Expansion of acute myocardial mfarction: 
an experimental study. Clrculalion 1982;65: 133-8. 
13 Hochman JS. Bulkley BH. The pathogeneSIs of left ventricular an•
eurysms' an expenmental study in the rat model. Am J Cardiol 
1982;50:83-8. 
14 Hutchms GM, Bulkley BH. Infarct expansion versus extension: two 
different complicalIons of acute myocardial mfarctlOn. Am 1 Cardiol 
1978.41: 1127-32 
132 HOCHMAN AND HEAL Y 
EFFECT OF EXERCISE ON ACUTE INFARCTION IN RATS 
15. Seyle H. BaJusz E, Grosso S. Mendell T. Simple technIques for the 
surgical occlusion of coronary vessels 10 the rat. AngIOlogy 
1960;11 : 398-407. 
16. 10hns TNP. Olson Bl Expenmental myocardial infarction. I. A method 
of coronary occlusion in small animals. Ann Surg 1954; 140:675-82. 
17. Stevenson 1 AF, Feleki V, RechnItzer p, Beaton JR. Effect of exerCise 
on coronary tree Size in the rat. Circ Res 1964; 15:265-70. 
18. Cutilletta AF, Edmiston K, Dowell RT. Effect of a mild exercise 
program on myocardial functIOn and the development of hypertrophy. 
1 Appl PhyslOl 1979;46:354-60. 
19. Eaton LW, Weiss lL, Bulkley BH, Garrison lB, Welsfeldt ML. Re•
gional cardiac dilatation after acute myocardial infarction: recognition 
by two-dimenSIOnal echocardiography. N Engll Med 1979;300:57-62. 
20. Schuster EH. Bulkley BH Expansion of transmural myocardial 10-
farctlOn: a pathophYSIOlogIC factor in cardiac rupture. CirculatIon 
1979;60: 1532-8. 
JACC Vol 7. No I 
January 1986126--32 
21. Scheuer 1, Tipton CM. Cardiova;cular adaptations to phYSical trainmg 
Ann Rev PhYSIOI 1977;39:221-51. 
22 Bloor CM. Coronary artery disease and ischemIC heart disease. Cardiac 
Pathology Philadelphia: lB Lippmcott, 1978: 176-221. 
23. Eaton LW. Bulkley BH. ExpanSIOn of acute myocardial infarctIOn: 
Its relationship to mfarct morphology in a canIne model. Circ Res 
1981 ;49:80-8. 
24. Kloner RA, Kloner lA. The effect of early exercise on myocardial 
infarct scar fonnation. Am Heart 1 1983; 106: 1009-13. 
25. Hammennan H, Schoen FJ, Kloner RA. Short-tenn exercise has a 
prolonged effect on scar fonnatIOn after expenmental acute myocardial 
infarctIOn. J Am Coli Cardiol 1983;2.979-82. 
26. Moskowitz RM, Bums 11, DiCarlo EF. et al. Cage size and exercise 
affects mfarct size in rat after coronary artery cauterization. 1 Appl 
PhyslOl 1979;47:393-6. 
